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Abstract
We extend earlier calculations of the one-loop contributions to the
effective bose Lagrangian in supergravity coupled to chiral matter.
We evaluate all logarithmically divergent contributions for arbitrary
background scalar fields and space-time metric. We show that, with
a judicious choice of gauge fixing and of the definition of the action
expansion, much of the result can be absorbed into a redefinition of
the metric and a renormalization of the Ka¨hler potential. Most of
the remaining terms depend on the curvature of the Ka¨hler metric.
Further simplification occurs in models obtained from superstrings in
which the Ka¨hler Riemann tensor is covariantly constant.
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I. Introduction
Considerable progress has recently been made in understanding Yang-
Mills couplings at the quantum level [1], [2] in effective supergravity theories
obtained from superstrings. Specifically, it is understood how to cancel the
modular anomaly that arises at the quantum level of the effective field theory.
From the field theory point of view, the modular anomaly is equivalent to the
standard chiral and conformal anomalies of Yang-Mills theories. In partic-
ular, the conformal anomaly enters through the dependence of the effective
cut-off on the moduli fields [2], [3]. In a general field theory the conformal
anomaly entails all operators that have logarithmically divergent coefficients
at the quantum level. Understanding the structure of the divergences in
the full effective supergravity theory is a necessary step in determining what
counterterms are needed to fully restore modular invariance. The determi-
nation of these loop corrections may also provide a guide to the construction
of an effective theory for a composite chiral multiplet that is a bound state
of strongly coupled Yang-Mills superfields, which in turn could shed light on
gaugino condensation as a mechanism for supersymmetry breaking.
In References [4], [5] we identified the divergent one-loop contributions
to the effective bose Lagrangian, with a flat space-time background metric,
in a general N = 1 supergravity theory, with specialization to the no-scale
form suggested by superstrings. Here we present the full results for a general
supergravity theory coupled to chiral matter with an arbitrary background
space-time metric and arbitrary background scalar fields. Partial results
for a curved-space time metric have been given in [6], [7], and particularly
in [8], where it was shown how to recast the Einstein term in canonical
form by a redefinition of the background metric. However, the results are
gauge dependent [9], and therefore not very meaningful unless one can isolate
those terms that actually contribute to the S-matrix. This is the purpose of
the present paper. We choose a gauge fixing prescription which, together
with a redefinition of the expansion of the action, enhances supersymmetry
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cancellations between boson and fermion loop contributions. With these
choices, all operators of dimension six or less, and most of those of dimension
eight, that do not depend on the Ka¨hler curvature can be either absorbed
by field redefinitions or interpreted as renormalizing the Ka¨hler potential.
By an operator of dimension d we mean a Ka¨hler invariant operator whose
term of lowest dimension is d, where scalar fields are assigned the canonical
dimension of unity. In many effective theories from superstrings, such as the
untwisted sector in many orbifold compactifications, the Ka¨hler Riemann
tensor is covariantly constant; in this case the results simplify further.
In order to complete the program of determining one-loop supergravity,
the Yang-Mills sector must be included. We will present the full results in a
subsequent paper [10], where we will also consider the parity odd operators
that arise from integration over fermionic degrees of freedom. As mentioned
above, the effective cut-off of effective theories derived from superstrings is
field dependent; moreover the field dependence is different for loop corrections
arising from different sectors of the theory [2]. Here we use a single cut-off
and neglect its derivatives. The latter does not represent a loss of generality,
since terms involving derivatives of the cut-off have a different dependence
on the moduli and must be considered together with terms that are one-loop
finite. Our results, some of which are collected an appendix, will be presented
in such a way that the contributions from different sectors can be isolated
and the correct cut-offs included.
In Section 2 we discuss gauge fixing and describe the prescription used
here. The results of our calculation are presented in a succinct form in Section
3; further simplifications arising in models from string theory are pointed
out in Section 4. In Appendix A we define our conventions and give that
part of the tree-level Lagrangian that is needed to perform our calculations.
In Appendix B we list the operators that appear in the quantum action
as defined by our gauge fixing and expansion prescriptions, as well as the
traces of products of these operators that determine the divergent terms in
the effective one loop action. In a final appendix we list corrections to and
2
misprints in [4], [5].
II. Gauge Fixing and the Expansion of the
Action
The S-matrix is independent of gauge fixing and also of shifts in the
propagators that are proportional to LA = ∂L/∂φA where φA is any field.
However, certain choices can lead to an effective Lagrangian that better dis-
plays the symmetries of the theory. For example, we expand the action S in
terms of normal scalar coordinates [11], [12] zˆI :
S = S(z) +DIS|z zˆI +
1
2
DIDJS|zzˆI zˆJ + · · · , (2.1)
where DI is the field redefinition covariant derivative defined in appendix A,
and interpret the determinant of the second term in (2.1) as the one-loop
effective action for a scalar theory. The result differs from that of a standard
Taylor expansion by terms of the form F JL(z)Γ(z)IJK(DIS)z, where Γ
I
JK is
the connection associated with the covariant derivative DI , and F
JL is an
arbitrary matrix-valued function of the background scalar fields. Such terms
vanish when the classical equations of motion for the background fields z are
satisfied. The expansion (2.1) yields an effective action that is manifestly field
redefinition invariant. It therefore preserves nonlinear symmetries among the
scalar fields, up to quantum anomalies.
Supersymmetry is also a nonlinear symmetry in supergravity theories,
even when auxiliary fields are used. We have no formal argument by which
we can determine the gauge fixing and expansion prescription so as to yield
an effective action that is manifestly supersymmetric.1 Instead, we adopt a
pragmatic approach, and use prescriptions that give the most boson-fermion
1Since we set background fermions to zero, our effective action cannot be manifestly
supersymmetric. However supersymmetry constrains [13], [14] the bosonic part of the
action; by “manifest supersymmetry” we are referring to these constraints.
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cancellations, and/or simplify the calculation. We find that with our pre-
scription the operators of dimension six or less can be interpreted as renor-
malizations of the tree Lagrangian, except for those that depend on the
scalar curvature tensor. Additional operators of dimension eight can be iso-
lated into terms of the form F JLΓIJKDIS|z, which do not contribute to the
S-matrix. It turns out that the gauge fixing prescription that satisfies these
properties yields an effective quantum Lagrangian that is of a particularly
simple form: all the propagators are the same as those of standard scalar or
spin-1
2
fermions. It is possible that this feature contributes to the enhanced
cancellations. We first discuss the case of flat SUSY Yang-Mills theory, where
a similar gauge fixing dependence arises [15], and where a “supersymmetric
gauge” can be found.
A. Supersymmetric Yang-Mills theory
In background field calculations of the effective one-loop action, the Lan-
dau gauge fixing condition DµAˆµ = 0 has frequently been used [4], [5], [6]. In
the absence of a superpotential, the dimension four operators of the resulting
supergravity Lagrangian for the gauge nonsinglet scalars can be interpreted in
terms of two renormalizations. The first is a renormalization of the matrix-
valued function xab (z, z¯) = Ref(z)
a
b that normalizes the Yang-Mills kinetic
term −1
4
xabF
b
µνFaµν . The second is a renormalization of the Ka¨hler potential
K(z, z¯), where z = (z¯)† is a complex scalar field. Here (and throughout) we
consider the case xab = δ
a
bx at tree level, for which the results are:
δK =
lnΛ2
32π2
[
−2
x
Km¯j(Taz¯)
m¯(T az)j
]
+ higher dimension terms, (2.2)
where T a represents the gauge group on the scalar field zn = (z¯n¯)†, and
δxba =
lnΛ2
32π2
[
2Di(Taz)
jDj(T
bz)i − 6C(a)G δba
]
+higher dimension terms, (2.3)
where C
(a)
G is the Casimir of the adjoint representation and the field redefi-
nition covariant scalar derivative Di is defined in Appendix A. The fact that
4
(2.3) is not the real part of a holomorphic function has been discussed else-
where in the literature (see, e.g., [1]). In the flat SUSY limit x→ constant,
Kim¯ → δim, and the renormalizations reduce to constants that depend on
the Casimirs of the matter representations R:
δKim¯ → − lnΛ
2
16π2x
∑
a
(Ta)
2
im¯ = −δim
ln Λ2
16π2x
∑
a
Ca2 (Ri),
δxba = δ
a
b
ln Λ2
16π2x
Tr(Ta)
2 = δab
ln Λ2
16π2x
∑
R
CaR.
When a superpotential is included, the results obtained in the Landau
gauge can no longer be interpreted in terms of these renormalizations. This
is similar to the result found in [15]. However, if we use a smeared gauge
fixing prescription defined by
L → L− x
2
CaC
a, Ca = DµAˆaµ +
i
x
[
(T az¯)m¯zˆi − (T az¯)izˆm¯
]
Kim¯, (2.4)
the results can once again be interpreted as above, with, instead of (2.2),
δK =
lnΛ2
32π2
(
−4
x
Km¯j(Taz¯)
m¯(T az)j + e−KAijA¯
ij
)
+ higher dimension terms,
(2.5)
where Aij is defined in Appendix A; in the flat SUSY limit it reduces to the
second derivative of the superpotential W :
e−KAijA¯
ij → eKWijW ij .
Note that the gauge-dependent term in (2.5) differs by a factor of two from
that in (2.2). The result (2.5) agrees with the chiral matter wave function
renormalization found in [15] and in a recent string loop calculation [16].
Unlike the Landau gauge, the smeared gauge fixing (2.4) gives a quantum
Lagrangian of the simple form (3.1) below. The field-dependent masses have
the correct poles for unitarity when evaluated at the ground state configu-
ration for the background fields, i.e., Dµz = Aµ = ∂iV = 0, where V is the
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scalar potential. We will use gauge fixing prescriptions for supergravity that
share this feature. In addition, the transformation laws for supergravity are
nonlinear even when auxiliary fields are used.2 This suggests that it may be
necessary to redefine [9] the expansion in a manner analogous to (2.1), in
order to obtain a manifestly SUSY result.
B. Gauge-fixing the gravity supermultiplet
We set background fermions to zero, and use unhatted symbols for quan-
tum fermion fields (ψ, χ, λ).
The commonly used gauge fixing3 for the graviton [18], [19], [4], [8], when
generalized to include the YM sector, is defined by
L → L+ 1
2
CµC
µ,
Cµ =
1√
2
(
∇νhµν − 1
2
∇µhνν − 2DµzIZIJ zˆJ + xF aµνAˆνa
)
, (2.6)
where ZIJ(z, z¯) is the scalar metric, zˆ, Aˆ are the quantum scalar and gauge
fields, and the symmetric tensor hµν is the quantum part of the gravita-
tional field. Like the smeared Yang-Mills gauge fixing (2.4), this leads to a
Lagrangian of the form (3.1).
For the gravitino, two types of gauge fixing have been used: the Landau
gauge [20], [4] γ · ψ = 0, which is implemented with the aid of an auxiliary
field, and the smeared gauge fixing [8] L → L − F¯MF, F = γ · ψ, M =
1
4
(i 6D + 2Mψ) , which requires Nielsen-Kallosh ghosts. Neither of these has
2Once the auxiliary fields have been eliminated, the transformation laws for fermions in
flat supersymmetry are also nonlinear. However it is easy to show that eliminating these
fields before or after functional integration gives the same one-loop effective action.
3The gauge fixing of supergravity using superfields is considered in [17], where it is
necessary to introduce “ghosts of ghosts” because the Faddeev-Popov action has itself a
gauge invariance, as well as so-called “hidden” ghosts because the gauge smearing param-
eters are constrained. The component action gauge fixing we describe here has no such
proliferation of ghosts.
6
the feature that the quantum Lagrangian reduces to the simple form (3.1).
In addition, while the Landau gauge propagators have the correct poles for
constant background fields, the smeared gauge fixing propagators do not.
Here we adopt an unsmeared gauge which satisfies both requirements.
In a supergravity theory in which the Yang-Mills normalization function
satisfies Refab = δabx, the part of the Lagrangian that depends on the grav-
itino ψµ is [13], [14]
Lψ = 1
4
ψ¯µγ
ν(i 6D +M)γµψν − 1
4
ψ¯µγ
µ(i 6D +M)γνψν +
[
x
8
ψ¯µσ
νργµλaF
a
νρ
−ψ¯µ 6Dz¯m¯Kim¯γµLχi + 1
4
ψ¯µγ
µγ5λ
aDa − iψ¯µγµLχimi + h.c.
]
+four− fermion terms. (2.7)
where
M¯ = (M)† = eK/2
(
WR +WL
)
, R, L =
1
2
(1± γ5)
mn = (m¯n¯)
† = e−K/2Di(e
KW ), Da = Ki(Taz)i. (2.8)
We take the Landau gauge condition G = 0, where
G = −γν(i 6D − M¯)ψν − x
2
σνρλaF
a
νρ
−2( 6DziKim¯Rχm¯+ 6Dz¯m¯Kim¯Lχi) + 2imIχI − γ5Daλa (2.9)
which we implement by inserting a δ-function in the functional integral over
φˆ. Writing
δ[G−G(φˆ)] =
∫
dα exp
(
iα[G−G(φˆ)]
)
,
and defining
ψ′ = ψ + γα, ψ¯′ = ψ¯ + α¯γ,
We obtain
L = −1
2
ψ¯′µ(i 6D − M¯)ψ′µ +
1
2
α¯γµ(i 6D − M¯)γµα +matter terms
= −1
2
ψ¯′µ(i 6D − M¯)ψ′µ − α¯(i 6D + 2M)α + α¯
(
x
2
σνρλaF
a
νρ + 2imIχ
I − γ5Daλa
)
−ixψ¯′µ 6F µaλa − 2ψ¯′µ(Dµz¯m¯Kim¯Lχi +DµziKim¯Rχm¯). (2.10)
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Note that ψ is C-even: ψ = Cψ¯T , then ψ′ = Cψ¯′T requires α = −Cα¯T , i.e.
α is C-odd; note also that α has negative metric.4 All the terms remaining
in the Lagrangian (2.10) are of the form of either a mass or a connection;
that is, (2.10) is of the form (3.1).
To obtain the ghostino determinant we use the supersymmetry transfor-
mations [13]
iδψµ = (iDµ − 1
2
γµM)ǫ, iδχ
i =
1
2
( 6DziR− im¯iL)ǫ,
iδχm¯ =
[
1
2
( 6Dz¯m¯L− imm¯R)
]
ǫ, m¯i = Kim¯m¯m¯, m
m¯ = Kim¯mi,
iδλa =
[
− i
4
γµγνF aµν −
1
2x
Da
]
ǫ, (2.11)
to obtain
∂δG
∂ǫ
= DµDµ − 1
2
γµγν [Dµ, Dν ]− i[6D,M ]− 2MM¯ + m¯imi +D
+2im¯m¯ 6Dz¯m¯L+ 2imi 6DziR + x
2
σσρF
σρ
a [
1
4
σµνF aµν +
1
x
γ5Da]
−DµziKim¯Dµz¯m¯ + 1
2
γ5[γ
µ, γν ]Dµz¯m¯Kim¯Dνzi. (2.12)
For constant background fields the ghostino propagator becomes
DµDµ − 2MM¯ + m¯imi +D = DµDµ +MM¯ + V, (2.13)
where V is the potential. When we evaluate this at a ground state with a flat
background metric, the vacuum energy necessarily vanishes: V = 0, so the
(4-fold) ghostino pole is at p2 = −D2 = M2. If the cosmological constant
is nonzero the curvature is also, and there are additional terms in all the
masses.
4In the notation of (3.1), Zαα = −2; including the contribution proportional to DetZαα
we get a quartically divergent term proportional to ln 2 which cancels a similar contribution
from the graviton ghost [4].
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Now the goldstino is unmixed with the gravitino, but instead mixes with
α. The normalized (left handed) goldstino field χL is
χL =
(
miχ
i
L −
i
2
DaλaL
)/√
1
2
(mim¯i +D), (2.14)
and its mass is
mχ = e
−K
(
e−KAijA¯
iA¯j + 4DA¯− 1
2x
DfiA¯i
)/(
e−KAiA¯
i +D
)
, (2.15)
where λ is a gaugino, χi is the left-handed superpartner of zi, and
Aij = DiAj = DiDjA, A = e
KW = M¯.
At the ground state
Vi = 0 = A¯
iVi = e
−KAijA¯
iA¯j + 2DA¯− 1
2x
DfiA¯i − 2e−KA¯iAiA¯. (2.16)
Using this gives mχ = 2M .
Here we show that unitarity is satisfied in the case where there are no
gauge couplings: Da = 0; the argument goes through in the same way when
gauge couplings are included [10]. The normalized [4] (α, χ) mass matrix is
M¯ 1
2
=
(
M im¯ M
i
α
Mαm¯ M
α
α
)
=
(
µ¯im¯ im¯
i
im¯m¯ −2M¯
)
, (2.17)
where
µij = (µ¯ı¯¯)
† = e−K/2Aij , µ¯
ij = Kim¯Kjn¯µ¯m¯n¯,
is the normalized mass matrix for left-handed chiral fermions. In the traces
used to evaluate the one-loop effective action (see Section 3) this gets multi-
plied by
M 1
2
=
(
M m¯j M
m¯
α
Mαj M
α
α
)
=
(
µm¯j im
m¯
imj −2M
)
, (2.18)
so
M¯ 1
2
M 1
2
=
(
µ¯ikµkj − m¯imj iµ¯ikmk − 2iMm¯i
im¯kµkj − 2iM¯mj 4MM¯ − m¯kmk
)
. (2.19)
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For the Goldstino at a ground state with vanishing cosmological constant
[see (2.13), (2.16)], µij → 2M, mi →
√
3M , so the α-Goldstino squared
mass matrix reduces to
M¯ 1
2
M 1
2
→MM¯
(
1 0
0 1
)
.
The ghostino determinant removes four poles at p2 = M2 and the unphysical
fields χ and α restore two of them, so the singularities are correct. Note
that because α is C-odd while χ is C-even, M 1
2
, which operates on left-
handed fermions is not the hermitian conjugate of M¯ 1
2
, which operates on
right-handed fermions.
C. Modification of the graviton propagator
The S-matrix is unchanged if we add terms proportional to LA to the
propagators, as in (2.1). Consider the graviton-scalar sector. We have:
Li = − (Kim¯dµDµz¯m¯ + Vi) ,
Lµν = 1
2
gµν
(
r
2
− V +Kim¯DρziDρz¯m¯
)
−1
2
rµν − 1
2
(
Kim¯DµziDν z¯m¯ +Kim¯DνziDµz¯m¯
)
Lµµ =
r
2
− 2V +Kim¯DρziDρz¯m¯.
where gµν is the background metric. We can redefine the graviton propagator
by:
∆−1Iµν =
1√
g
(
DIDµνS − 1
2
gµνDIS
)
, (2.20)
and
∆−1µν,ρσ → ∆−1µν,ρσ − Pµν,ρσLλλ −
1
2
[gµνLρσ + gρσLµν ]
+
1
2
[gµρLνσ + gνρLµσ + gµσLνρ + gνσLµρ] ≡ −
(
P∇2 +X
)
µν,ρσ
,
(2.21)
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where the spin-2 projection operator P is defined in (B.2), and
Lµν = gµρgνσ ∂L
∂gρσ
.
The unmodified propagators have been evaluated5 elsewhere [18], [19]; using
these results in the above we get
Xµν,ρσ = −2Pµν,ρσV − 1
4
[rµρνσ + rνρµσ] (2.22)
Evaluating the determinants in (3.2) below gives an effective Lagrangian
including terms linear and quadratic in the space-time curvature:
L1 ∋ Lr = 1
2
√
g
[
ǫ0(z, z¯)r +Hµν (Dρz,Dρz¯, Fρσ) rµν + αr2 + βrµνrµν
]
.
(2.23)
The Einstein term can be put in canonical form by a redefinition of the
metric [8]:
gµν = (1− ǫ)gRµν + ǫµν ,
ǫ = ǫ0 + ǫα, ǫµν = Hµν − 1
2
gµνHλλ,
ǫα = α (r + 4V ) + βV,
Hµν = Hµν − βgµν x
4
FσρF
σρ − 2αgµνDρziDρz¯m¯Kim¯
+β
(
rµν −DµziDν z¯m¯Kim¯ −DνziDµz¯m¯Kim¯ + xFµρF ρν
)
. (2.24)
This induces additional matter terms:
L(g) + L1(g) = L(gR) + L1 − Lr +√g
(
2ǫV − ǫDµziDµz¯m¯Kim¯
+
1
2
HµµV −HµνDµziDν z¯m¯Kim¯ +
x
2
HµνFµρF ρν −
x
8
HννFµρF µρ
)
,
(2.25)
where the tree Lagrangian L(g) is given in Appendix A. Note that any terms
containing factors of Lµν that can appear in L1 are completely removed by
this metric redefinition.
5As a check, we have also calculated the curvature dependent terms using the unmod-
ified propagators; we agree with the results of [18], but not with [8] for these terms.
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III. The One-Loop Effective Action
In the absence of gauge fields, the quantum action obtained by the pre-
scriptions defined in the preceeding section takes the form
Lq = −1
2
ΦTZΦ
(
D2 +HΦ
)
Φ+
1
2
Θ¯ZΘ (i 6D −MΘ)Θ + Lgh + LGh. (3.1)
The last two terms are the ghost and ghostino terms, respectively, Φ =
(hµν , zˆ
i, zˆm¯) is a 2N + 10 component scalar, Θ = (ψµ, χ
I = Lχi + Rχı¯, α)
is an N + 5 component Majorana fermion, where N is the number of chiral
multiplets, and the matrix valued metrics ZΦ and ZΘ, as well as the matrix-
valued covariant derivative Dµ, are defined in Appendix A. The one loop
contribution to the effective action is
L1 = i
2
Tr ln(D2 +HΦ)− i
2
Tr ln(−i 6D +MΘ)
+iTr ln(D2 +M2Gh)− iTr ln(D2 +M2gh). (3.2)
Because of the simple form of (3.1) we can immediately apply the general
results obtained in [12], [6], [4] to evaluate the determinants6:
i
2
Tr ln(D2 +HΦ) =
√
g
{
Λ2
32π2
Tr
(
1
6
r −HΦ
)
+
lnΛ2
32π2
Tr
(
1
2
H2Φ −
1
6
rHΦ +
1
12
GµνG
µν +
1
120
[
r2 + 2rµνrµν
])}
,
(3.3)
and since
− i
2
Tr ln(−i 6D +MΘ) = − i
4
Tr ln[D2 +HΘ],
HΘ = M
2
Θ − i[6D,MΘ] +
1
4
[γµ, γν ]Gµν , (3.4)
the fermion trace is −1
2
times (3.3) with the substitution HΦ → HΘ, and the
trace includes a trace over Dirac indices, so
1
2
(Tr 1)Θ = (Tr 1)Φ = 2N + 10.
6The expression for the logarithmically divergent term agrees with the one given in [21].
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Similarly, the ghost and ghostino contributions are equivalent to, respectively,
−2 and +2 times the contribution of a four-component scalar with the masses
M2ghost = Hghost and connections as determined in Section 2. The matrix
elements of H and
Gµν = [Dµ, Dν ] (3.5)
are given in Appendix B.
The traces in (3.3–3.5) are explicitly evaluated in Appendix B; here we
simply state the result. If L(g,K) is the standard Lagrangian [13], [14] for
N = 1 supergravity coupled to matter with space-time metric gµν and Ka¨hler
potential K, then the logarithmically divergent part of the one loop corrected
Lagrangian is
Leff = L (gR, KR)
+
√
g
ln Λ2
32π2
{
e−2K
[
AiA¯
kRm in kR
n p
m qApA¯
q − 4Rm in kAiA¯kAmA¯n
−2
3
Rmn AmA¯
nAjA¯
j + (Rj kn iAjkA¯
nAA¯i + h.c.)− Rj kℓ iAjkA¯ℓnAnA¯i
−(DℓRj kn i)AjkA¯nAℓA¯i − Rj kn iRℓ mj kAℓA¯nAmA¯i −Rℓ mj kAiℓA¯jkAmA¯i
−(DiRℓ mj k)AℓA¯jkAmA¯i)
]
+8Vˆ 2 +
2
3
(N + 5) Vˆ M2ψ + (N + 5)M
4
ψ
+DµziDµz¯m¯
(
e−K
[
− 2
3
Kim¯R
k
nAkA¯
n + 2Rkim¯jR
ℓ j
n kAℓA¯
n − 4Rkim¯jAkA¯j
−Rj kn iAjkA¯nm¯ − (Dm¯Rj kn i)AjkA¯n −Rℓjm¯kAiℓA¯jk − (DiRℓjm¯k)AℓA¯jk
]
+
[
1
3
(N + 29)Vˆ +
2
3
(N + 5)M2ψ
]
Kim¯ − 2Rim¯
[
1
3
Vˆ +M2ψ
])
+e−K
(
DµziDµzj [AikℓA¯n¯Rk ℓn j − Rk ℓj i(AmkℓA¯m −AkℓA¯)] + h.c.
)
−4
(
Dµz¯m¯DµziKim¯
)2
+
(
N
6
+ 7
)
DµzjDµziDν z¯m¯Dν z¯n¯Kin¯Kjm¯
13
+
32
3
Dµz¯m¯DµziDν z¯n¯DνzjKin¯Kjm¯ − 2
3
DρziDρz¯m¯Kim¯DµzjDµz¯n¯Rjn¯
+DµzjDµz¯m¯Rkjm¯iDνzℓDν z¯n¯Riℓn¯k +DµzjDµziRk ℓj iDν z¯n¯Dν z¯m¯Rn¯km¯ℓ
+4Dµz¯m¯Dµz¯n¯DνzjDνziRn¯jm¯i − 4Dµz¯m¯DµziDνzjDν z¯n¯Rm¯jn¯i
+
1
2
[
DµzjDν z¯m¯Rkim¯jDµzℓDν z¯n¯Rikn¯ℓ −DµzjDν z¯m¯Rkim¯jDνzℓDµz¯n¯Rikn¯ℓ
]
+4
(
LiA¯iAe−K + h.c.
)}
. (3.6)
The classical Lagrangian L(g,K) is given in Appendix A. Since we are ne-
glecting gauge couplings, the gauge covariant derivative Dµ is here an ordi-
nary derivative: Dµ → ∂µ. The renormalized Ka¨hler potential is
KR = K +
lnΛ2
32π2
e−K
[
AijA¯
ij − 2AiA¯i − 4AA¯
]
,
A = eKW = (A¯)†, Ai = DiA, A¯
i = Kim¯Dm¯A¯ etc., (3.7)
and the field redefinition covariant derivative Di is defined in Appendix A.
The renormalized space-time metric is given by
gµν = (1− ǫ)gRµν + ǫµν ,
ǫ = − ln Λ
2
32π2
[
e−K
(
AkiA¯
ik − 1
3
RknAkA¯
n
)
+
N + 17
2
Vˆ +
2N + 16
3
M2ψ +
2
3
r
]
,
ǫµν =
lnΛ2
32π2
{ [
N − 19
6
gµνDρziDρz¯m¯ − N + 29
6
(
DµziDν z¯m¯ +DνziDµz¯m¯
)]
Kim¯
−2
3
Rim¯gµνDρziDρz¯m¯ + 1
6
(N + 5)rµν
}
. (3.8)
The term in (3.6) proportional to LI can be removed by a (nonholomorphic)
scalar field redefinition:
zi → zi +X i, L(z)→ L(z) +X iLi, X i = − ln Λ
2
8π2
A¯iAe−K .
The quadratically divergent contributions are given by (B.20–B.21). How-
ever, as emphasized in [4], the relative coefficients of the quadratically di-
vergent terms are unreliable as they depend on the explicit regularization
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procedure used [6], [22]. Therefore we have actually only identified all the
ultraviolet divergent terms at one loop in the effective bosonic Lagrangian
of supergravity theories, and determined the coefficients of the logarithmi-
cally divergent terms. The full quadratically divergent one loop correction
to the effective Lagrangian for a toy model [23] has been determined [22] for
the leading term in the number Nns of gauge nonsinglet chiral multiplets,
for which the definition of a Pauli-Villars regularization scheme consistent
with the requisite symmetries is straightforward; the effective cut-off in that
scheme coincides with the one required [2] for consistency, within a supersym-
metric theory, between the chiral and conformal anomalies under modular
transformations in target space; the conformal anomaly is related to the
choice of cut-off, while the axial anomaly is finite and unambiguously de-
termined. Defining consistent regularization schemes for higher spin loops
appears much more problematic. Moreover, in realistic theories the effective
cut-offs appearing in different terms will not even have a uniform dependence
on the scalar fields. The issue of removing the breaking of modular invariance
induced by the quadratically divergent terms has yet to be addressed.
IV. String Models
We have shown that most of the Ka¨hler curvature independent terms that
appear in the logarithmically divergent one-loop contributions to the effective
supergravity action can be absorbed into field redefinitions or interpreted as a
renormalization of the Ka¨hler potential of the standard classical Lagrangian.
The curvature dependent terms vanish for models with a minimal kinetic
term: Kim¯ = δim. More interesting for string phenomenology is a class of
theories in which the Ka¨hler potential separates into disconnected sectors
that depend on different subsets α of chiral fields:
K =
∑
Kα, ∂i∂jK
α = nαK
α
i K
α
j ,
Rαn¯jm¯i = −nα(Kαin¯Kαjm¯ +Kαjn¯Kαim¯), DiRn¯jm¯k = 0, (4.1)
15
because the metric is covariantly constant. These results apply to Witten’s
toy model [23] and to the untwisted sector of orbifold compactifications [24].
In models with three matter generations in the untwisted sector, there is
further simplification because [24], [25] ∂i∂mW = 0 if Kim¯ 6= 0 and also
nα = +1 for all α. This is true for the three matter + moduli generations,
as well as for the dilaton, which (neglecting nonperturbative effects) has no
superpotential. In this case one finds for the covariant derivatives:
Aij = 0 if αi = αj. (4.2)
(Here the notation αi = αj means “if i and j belong to the same subset”.)
Then since
Ri jm n = 0 if αi 6= αj, (4.3)
the result (3.6) reduces to
Leff = L (gR, KR)
+
√
g
ln Λ2
32π2
{
e−2K
[∑
α
(N + 7) (AiA¯
i)2α −
2
3
AiA¯
i
∑
α
Nα(AjA¯
j)α
]
+2Vˆ 2 +
2
3
(N − 1) Vˆ M2ψ + (N − 1)M4ψ
+DµziDµz¯m¯e−K
[
−2
3
Kim¯
∑
α
Nα(AjA¯
j)α +
∑
α
(2Nα + 8)K
α
im¯(AjA¯
j)α
]
+6e−K
∑
α
(
DµziAi
)
α
(
Dµz¯m¯A¯m¯
)
α
+DµziDµz¯m¯e−K
[(
N + 27
3
Vˆ +
2
3
(N + 2)M2ψ
)
Kim¯ − 2Rim¯
(
1
3
Vˆ +M2ψ
)]
−4
(
Dµz¯m¯DµziKim¯
)2
+
(
N
6
+ 7
)
DµzjDµziDν z¯m¯Dν z¯n¯Kin¯Kjm¯
+
32
3
Dµz¯m¯DµziDν z¯n¯DνzjKin¯Kjm¯ + 2
3
DρziDρz¯m¯Kim¯
∑
α
(Nα + 1)DµzjDµz¯n¯Kαjn¯
+
∑
α
[ (
Nα +
11
2
)(
DµziDµz¯m¯Kαim¯
)2
+
1
2
(Nα − 5)DµzjDµziDν z¯n¯Dν z¯m¯Kαim¯Kαjn¯
−1
2
(Nα − 8)Dµz¯m¯DµziDνzjDν z¯n¯Kαjm¯Kαin¯
]}
, (4.4)
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where
N =
∑
α
Nα, (AiB
i)α =
∑
i∈α
AiB
i,
and for the dilaton s
Ns = 1, AsA¯
s = AA¯. (4.5)
Our results will be extended to include the gauge sector in [10].
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Appendix
A. Conventions and Notation
Our Dirac matrices and space-time metric signature (+ − −−) are those
of Bjorken and Drell or Itzykson and Zuber. We use uppercase notation
(R, Γ) for derivatives of the Ka¨hler metric, and lowercase (r, γ) for those of
the space-time metric. Our sign conventions for, respectively, the Riemann
tensor, Ricci tensor and curvature scalar are as follows:
rµνρσ = g
µλrλνρσ = ∂σγ
µ
νρ − ∂ργµνσ + γµσλγλνρ − γµρλγλνσ,
rµν = r
ρ
µρν , r = g
µνrµν , (A.1)
and covariant differentiation is defined by
∇µAν = ∂µAν − γρµνAρ, etc. (A.2)
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The scalar field redefinition covariant quantities are defined identically with
gµν → ZIJ , γ → Γ, r → R, ∇µ → DI I = i, ı¯, (A.3)
where zi, z¯m¯ = (zm)† are the scalar partners of left and right handed Weyl
fermions, respectively. Because the scalar metric is Ka¨hler, there is only one
type of nonvanishing element of the Riemann tensor, namely
Rijkm¯ = ∂m¯Γ
i
jk = Dm¯Γ
i
jk = −Rijm¯k,
Rn¯jkm¯ = Rn¯kjm¯ = Rm¯jkn¯ = Rm¯kjn¯
= −Rn¯jm¯k = −Rn¯km¯j = −Rm¯jn¯k = −Rm¯kn¯j . (A.4)
Note that since Rijkℓ = 0, [Di, Dj] = 0, and the tensors
Ai1···in = Di1 · · ·DinA, A¯i1···in = Di1 · · ·DinA¯, (A.5)
are symmetric in all indices. It follows from the Bianchi identities that
DiR
n
jm¯k is totally symmetric in {ijk}.
We work in the Ka¨hler covariant formalism [14], which differs from that of
Cremmer et al. [13] by a phase transformation on the fermions that removes
phases proportional to Im
(
W/W
)
, where W is the superpotential. In this
formalism the fermion U(1) Ka¨hler connection is just
Γµ =
i
4
(
KiDµzi −Km¯Dµz¯m¯
)
, (A.6)
where Dµ is the gauge covariant derivative. It is convenient to introduce the
notation
A = eKW, A¯ = eKW. (A.7)
Then the classical potential is V = Vˆ +D, where
Vˆ = e−K(AiA¯
i − 3AA¯), D = 1
2x
DaDa, Da = Ki(T azi). (A.8)
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With these conventions the tree level Lagrangian [13], [14] for the case f(z)ab =
δabf(z) = δab[x(z, z¯) + iy(z, z¯)] is
g−
1
2L(g,K, f) = 1
2
r +Kim¯DµziDµz¯m¯ − x
4
FµνF
µν − y
4
g−
1
2 F˜µνF
µν − V
+
ix
2
λ¯ 6Dλ+ iKim¯
(
χ¯m¯L 6DχiL + χ¯iR 6Dχm¯R
)
+e−K/2
(
1
4
fiA¯
iλ¯RλL − Aijχ¯iRχjL + h.c.
)
+
(
iλ¯aR
[
2Kim¯(Taz¯)
m¯ − 1
2x
fiDa + 1
4
σµνF
µν
a fi
]
χiL + h.c.
)
+Lψ + four− fermion terms, (A.9)
with Lψ given in (2.7). In the notation of [4] [see eq.(3.91)], the masses
operating on the left-handed gravitino and chiral fermions are
mψ = e−K/2A¯, mχij = 2e
−K/2Aij . (A.10)
These are related to the elements of MΘ in (3.1) by (see [4])
Mµν = g
µ
ν e
−K/2A¯ = gµνMψ, M
m¯
j = K
m¯ie−K/2Aij = e
−K/2Am¯j . (A.11)
Note that the normalization of our chiral fermions is the same as in [13],
which differs by a factor
√
2 from [14]. The covariant derivatives Dµ include
the spin connection, the gauge connection, the Ka¨hler connection (A.6), the
affine connection, and the field reparameterization connection for chiral fields.
For fermions:
Dµψ =
[
∇µ + 1
4
γν (∇µγν) + iγ5Γµ
]
ψ,
Dµχ
I =
[
Dµ + 1
4
γν (∇µγν)− iγ5Γµ
]
χI +DµzJΓIJKχK . (A.12)
(The gauginos have the same Ka¨hler weight as the gravitino, and an addi-
tional connection which is given in (C.7) below.) Operating on a function
of scalar fields, Dµ = DµzIDI , where Dµ is gauge and general coordinate
covariant.
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B. Operators and Traces
In this Appendix we list the matrix elements of the operators appearing in
Eqs. (3.1–3.5) and the traces needed to evaluate the divergent contributions
to the one-loop effective action (3.2). We drop all total derivatives in the
traces.
1. The bosonic sector
In the absence of the Yang-Mills sector, the operator HΘ can be expressed
as [18], [19], [12], [6], [4]
ZΘHΘ = H +X + Y, (B.1)
with
Ziµν = 0, Zim¯ = Kim¯, Zij = Zm¯n¯ = 0,
Zµν,ρσ = Pµν,ρσ =
1
2
(gµρgνσ + gνρgµσ − gµνgρσ) = 1
16
P−1µν,ρσ. (B.2)
The nonvanishing elements of ZΘHΘ are HIJ , Xµν and YµI , with
HIJ = VIJ + hIJ , hIJ = RIJ + UIJ ,
VIJ = DIDJV, RIJ = DµzKDνzLRIKLJ , UIJ = −2DµzKDν z¯LZIKZJL
Xµν,ρσ = −2Pµν,ρσV − 1
4
[rµρνσ + rνρµσ] ,
YµνI = YIµν = −ZIJDµDνzJ . (B.3)
The contribution UIJ to the scalar “squared mass” arises from the graviton
gauge fixing term which is the same as in Refs. [18], [19], [4], [8]. The ex-
pressions for X and Y are simpler than in those references because of the
propagator modification introduced in Section 2. Using
Vˆi = e
−K [AjiA¯
j − 2AiA¯], Vˆij = e−K [AjikA¯k −AijA¯],
Vˆ ji = K
jm¯Vˆim¯ = e
−K [AkiA¯
jk−AiA¯j + δjiAkA¯k− 2δjiAA¯+Rk jn iAkA¯n], (B.4)
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we obtain the following traces (Lorentz indices are raised with gµν and scalar
indices are raised with Kim¯):
TrH = 2H ii = 2e
−K [AkiA¯
ik −RknAkA¯n] + 2(N − 1)Vˆ + 2(N − 3)M2ψ
−DµziDµz¯m¯(2Rim¯ + 4Kim¯),
1
2
TrH2 = H ijH
j
i +HijH
ij
= e−2K [AijA¯
jkA¯imAmk − 2AijA¯jkA¯iAk + AijA¯ij(2A¯kAk − 3AA¯)
+2AijA¯
jkRm in kAmA¯
n + AiA¯
kRm in kR
n p
m qApA¯
q − 2Rm in kAiA¯kAmA¯n
−2Rmn AmA¯n
(
Vˆ +M2ψ
)
+ (N − 1)Vˆ 2 + 2(N − 1)Vˆ M2ψ + (N + 3)M4ψ
+AkijA¯
ijmA¯kAm − (AijkA¯ikA¯jA+ h.c.)]
−2(DµzjDµzie−K [AjikA¯k −AijA¯] + h.c.)
−Dµz¯m¯Dµzi
{
4e−K [AijA¯
j
m¯ − AiA¯m¯] + (4Kim¯ + 2Rim¯)
(
Vˆ +M2ψ
)}
+2DµzjDµz¯m¯Rkjm¯ie−K [AkℓA¯ℓi − 3AkA¯i ++Rℓ in kAℓA¯n]
−(DµzjDµziRk ℓj ie−K [AmkℓA¯m −AkℓA¯] + h.c.)
+DµzjDµz¯m¯Rkjm¯iDνzℓDν z¯n¯Riℓn¯k +DµzjDµziRk ℓj iDν z¯n¯Dν z¯m¯Rn¯km¯ℓ
+4DµzjDµziDν z¯m¯Dν z¯n¯Kin¯Kjm¯ + 4Dµz¯m¯DµziDν z¯n¯DνzjKin¯Kjm¯
+4Dµz¯m¯Dµz¯n¯DνzjDνziRn¯jm¯i − 4Dµz¯m¯DµziDνzjDν z¯n¯Rm¯jn¯i, (B.5)
TrX = −20V + 2r,
TrX2 = 40V 2 − 8rV + 8rµνrµν − 2r2 + total derivative, (B.6)
and
TrY 2 = 4
(
DµDνzi
)
(DµDνzm¯)Kim¯ + 4rµνDµziDνzm¯Kim¯. (B.7)
Finally we need
Gµν = (Gz +GG)µν ,(
Gzµν
)I
J
= (Rµν)
I
J = DµzIDνzLRIJLK ,
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TrRµνR
µν = 2
[
DµzjDν z¯m¯Rkim¯jDµzℓDν z¯n¯Rikn¯ℓ −DµzjDν z¯m¯Rkim¯jDνzℓDµz¯n¯Rikn¯ℓ
]
,(
GGµν
)
αβ,γδ
= δαβ,ρσ
(
rργµνg
σ
δ + r
ρ
δµνg
σ
γ
)
,
Tr [GµνG
µν ]G = −6rρσµνrρσµν = 12
(
1
2
r2 − 2rµνrµν
)
+ total derivative. (B.8)
2. The fermion sector
The metric is
ZχIχJ = 2ZIJ , Zαα = −2, Zµν = −gµν , Zχα = Zχµ = Zαµ = 0. (B.9)
The matrix elements of MΘ are given by (2.16), (2.17), (A.11) and
MµI = 2ZIJDµzJ , M Iµ = −DµzI . (B.10)
We also need their covariant derivatives, which have been defined in [4], with
the difference that the Ka¨hler connection is here given by (A.6). In evaluating
these derivatives it is useful to recall that the gaugino has opposite Ka¨hler
weight from the chiral fermions and the auxiliary field α. One finds for the
covariant derivatives of the matrix elements defined in (2.16), (2.17), and
(A.7):
Dµµij = e
−K/2
(
AijkDµzk +Dµz¯m¯[AiKjm¯ + AjKim¯ + AnRnim¯j ]
)
,
Dµmi = e
−K/2
(
AikDµzk +Dµz¯m¯AKim¯
)
, DµM = e
−K/2AkDµzk. (B.11)
The nonvanishing matrix elements of Gµν are
(Gµν)
I
J = (Rµν)
I
J + δ
I
J (−γ5Γµν + Zµν) ,
(Gµν)
α
α = −γ5Γµν + Zµν ,
(Gµν)
ρ
σ = δ
ρ
σ (γ5Γµν + Zµν)−
1
2
rρσνµ, (B.12)
where
Γµν =
1
2
(
Dν z¯m¯Kim¯Dµzi −Dµz¯m¯Kim¯Dνzi
)
,
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Zµν =
1
4
rρσνµγ
ργσ. (B.13)
Then we find the following traces:
1
4
TrM2Θ = e
−K
[
AijA¯
ij − 2Vˆ + 2M2ψ
]
− 4DµziDµz¯m¯Kim¯,
1
4
TrM4Θ = e
−2K [AijA¯
jkA¯imAkm − 4AijA¯jkAkA¯i
+4(AA¯iAikA¯
k + h.c.)] + 2Vˆ 2 − 4Vˆ M2ψ − 10M4ψ
−8e−KDµziDµz¯m¯
(
AijA¯
j
m¯ +Kim¯AA¯−AiA¯m¯
)
−4e−K(DµziDµzjAijA¯+ h.c.) + 8DµzjDνziDν z¯m¯Dµz¯n¯Kin¯Kjm¯,
1
4
Tr|DµMΘ|2 = e−KDµziDµz¯m¯[AijkA¯jkm¯ + 10AiA¯m¯
+4Rkim¯jAkA¯
j +Rℓjm¯ nR
j n
k iAℓA¯
k − 2A¯jm¯Aij] + 2Kim¯
(
Vˆ + 2M2ψ
)
+e−K{DµziDµzj [2AijkA¯k + AikℓA¯nRk ℓn j − 2A¯Aij] + h.c.}
−4
(
DµDνzj
)
(DµDν z¯m¯)Kjm¯,
1
4
Tr ([γµ, γν ]Gµν) = (N + 5)r,
1
4
Tr
(
M2Θ[γ
µ, γν ]Gµν
)
=
1
4
rTrM2Θ,
1
16
Tr ([γµ, γν ]Gµν)
2 = −2(N + 5)ΓµνΓµν − [TrGµνGµν ]z
+
1
4
(N − 3)r2 + 8rµνrµν ,
TrGµνG
µν = 4(N + 5)ΓµνΓ
µν + 2 [TrGµνG
µν ]z
+(N + 13)
(
1
2
r2 − 2rµνrµν
)
, (B.14)
where
ΓµνΓ
µν =
1
2
(
DµzjDµziDν z¯m¯Dν z¯n¯Kin¯Kjm¯ −Dµz¯m¯DµziDν z¯n¯DνzjKin¯Kjm¯
)
.
(B.15)
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3. The ghost sector
For the graviton ghost we have [18], [19]
Hµνgh = −2DµzIDνzJZIJ − rµν , (Gghµν)αβ = rαβµν
TrHgh = −4DµziDµz¯mKim¯ − r
TrH2gh = 8DµzjDµziDν z¯m¯Dν z¯n¯Kin¯Kjm¯ + 8Dµz¯m¯DµziDν z¯n¯DνzjKin¯Kjm¯
+8rµνDµziDν z¯m¯Kim¯ + rµνrµν ,
TrGµνG
µν = −rαβµνrαβµν = r2 − 4rµνrµν + total derivative. (B.16)
For the gravitino ghost, HGh =M
2
Gh is given by (2.12), and
[Dµ, Dν ] = Gµν = γ5Γµν + Zµν . (B.17)
We get
TrHGh = 4
(
Vˆ +M2ψ
)
− 4DµziKim¯Dµz¯m¯ − r,
TrH2Gh = 4
(
Vˆ +M2ψ
)2
+ 4
(
DµziKim¯Dµz¯m¯
)2
+
1
4
r2,
−
(
8DµziKim¯Dµz¯m¯ + 2r
) (
Vˆ +M2ψ
)
− 4DµziDµz¯m¯AiA¯m¯e−K
+2rDµziKim¯Dµz¯m¯ − 6ΓµνΓµν ,
TrGµνG
µν = 4ΓµνΓ
µν +
1
2
r2 − 2rµνrµν . (B.18)
4. Supertraces
If we define
STrF = TrFΦ − 1
2
TrFΘ − 2TrFgh + 2TrFGh, (B.19)
the effective Lagrangian (3.2) is
L1 = Λ
2
32π2
STrH +
lnΛ2
32π2
STr
(
1
2
H2 − 1
6
rH +
1
12
GµνG
µν
)
, (B.20)
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with
− r
6
STrH =
N + 1
12
r2 − N − 5
3
rVˆ − N − 1
3
rM2ψ +
1
3
rRijAiA¯
j
+
1
3
rDµziDµz¯m¯ (Rim¯ − 2Kim¯) ,
1
2
STrH2 = e−2K [2AijA¯
jkA¯iAk + AijA¯
ij
(
2Vˆ + 3M2ψ
)
+2AijA¯
jkRm in kAmA¯
n + AiA¯
kRm in kR
n p
m qApA¯
q − 2Rm in kAiA¯kAmA¯n
−2Rmn AmA¯n
(
Vˆ +M2ψ
)
+ AkijA¯
ijmA¯kAm
+(N + 21)Vˆ 2 + (N + 17)M4ψ + 2(N + 5)Vˆ M
2
ψ
−(AijkA¯ikA¯jA+ 4AA¯iA¯jAij + h.c.)]
+e−K(DµzjDµzi[4AijA¯+ AikℓA¯nRk ℓn j ] + h.c.)
+Dµz¯m¯Dµzi{e−K [AijkA¯jkm¯ + 2AijA¯jm¯ + 2AiA¯m¯ − 10Kim¯Vˆ
+Rℓjm¯nR
j n
k iAℓA¯
k]− 2Rim¯
(
Vˆ +M2ψ
)
}
+2DµzjDµz¯m¯Rkjm¯ie−K [AkℓA¯ℓi −AkA¯i +Rℓ in kAℓA¯n]
−(DµzjDµziRk ℓj ie−K [AmkℓA¯m −AkℓA¯] + h.c.)
+DµzjDµz¯m¯Rkjm¯iDνzℓDν z¯n¯Riℓn¯k +DµzjDµziRk ℓj iDν z¯n¯Dν z¯m¯Rn¯km¯ℓ
+
N + 9
4
DµzjDµziDν z¯m¯Dν z¯n¯Kin¯Kjm¯
−N − 23
4
Dµz¯m¯DµziDν z¯n¯DνzjKin¯Kjm¯
+4Dµz¯m¯Dµz¯n¯DνzjDνziRn¯jm¯i − 4Dµz¯m¯DµziDνzjDν z¯n¯Rm¯jn¯i
+
1
4
TrRµνR
µν + 4
(
Dµz¯m¯DµziKim¯
)2 − 5rV − 3rM2ψ
+4rDµz¯m¯DµziKim¯ − 4rµνDµz¯m¯DνziKim¯ − N + 9
16
r2 + rµνrµν ,
1
12
STrGµνG
µν = −N + 1
6
ΓµνΓ
µν +
7−N
48
(
r2 − 4rµνrµν
)
. (B.21)
Inserting these supertraces in (B.20) gives a contribution of the form (2.23)
with
α = −2
3
lnΛ2
32π2
, β =
N + 5
6
lnΛ2
32π2
,
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ǫ0 = − ln Λ
2
32π2
{
e−K
(
AijA¯
ij − 2
3
RijAiA¯
j
)
+
2N + 20
3
Vˆ +
2N + 16
3
M2ψ
}
,
Hµν = H
1
µν =
lnΛ2
32π2
{
gµνDρziDρz¯m¯[20
3
Kim¯+
2
3
Rim¯]−4
[
DµziDν z¯m¯Kim¯ +DνziDµz¯m¯Kim¯
] }
,
(B.22)
so the metric redefinition (2.4) gives (3.8), and we get a correction ∆rL given
by the last term in (2.25):
1√
g
∆rL1 = lnΛ
2
32π2
[{
−2e−K
(
AkiA¯
ik − 2
3
RknAkA¯
n
)
− (N + 17)Vˆ − 4N + 32
3
M2ψ −
4
3
r
}
Vˆ
+
[
Kim¯
{
N + 59
3
Vˆ + e−K
(
AkiA¯
ik − 2
3
RknAkA¯
n
)
+
2N + 16
3
M2ψ +
2
3
r
}
+
4
3
Rim¯Vˆ
]
DρziDρz¯m¯
−
{(
2
3
Rim¯ + 8Kim¯
)
DρziDρz¯m¯
+
N + 29
6
(
DµziDν z¯m¯ +DνziDµz¯m¯
)
Kim¯
}
DµzjDµz¯n¯Kin¯
]
. (B.23)
The Ka¨her potential redefinition (3.7) absorbs the contribution ∆KL, where
1√
g
∆KL1 = lnΛ
2
32π2
{e−2K [−(AijkA¯jkAA¯i +Rj kn iAjkA¯nAA¯i + h.c.) + 3AijA¯ijAA¯
+AijkA¯
jknAnA¯
i + 2AijA¯
jnAnA¯
i
+Rj kℓ iAjkA¯
ℓnAnA¯
i + (DℓRj kn i)AjkA¯
nAℓA¯
i +Rj kn iR
ℓ m
j kAℓA¯
nAmA¯
i +
+2Rℓ mj iAℓnA¯
jnAmA¯
i +Rℓ mj kAiℓA¯
jkAmA¯
i + (DiR
ℓ m
j k)AℓA¯
jkAmA¯
i
+2Rk jn iAkA¯
nAjA¯
i]− 4Vˆ 2 − 20M2ψVˆ − 36M4ψ
+e−K [AijkA¯
jk
m¯ + 2AijA¯
j
m¯ +R
j k
n iAjkA¯
n
m¯ + (Dm¯R
j k
n i)AjkA¯
n
−6AiA¯m¯ +Kim¯AjkA¯jk +Rj kn iRℓjm¯kAℓA¯n
+2Rℓjm¯iAℓnA¯
jn +Rℓjm¯kAiℓA¯
jk + (DiR
ℓ
jm¯k)AℓA¯
jk
+2Rknm¯iAkA¯
n]DµziDµz¯m¯ − 6M2ψKim¯DµziDµz¯m¯}. (B.24)
Finally,
4LiA¯iAe−K + h.c. = 4
(
−e−2KAijA¯iA¯jA+ e−KDµziDµzjAijA¯ + h.c.
)
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+16AiA¯
iAA¯ + 8e−KDµziDµz¯m¯(A¯iAm¯ +Kim¯AA¯). (B.25)
Then evaluating L1 − Lr +∆rL1 −∆KL1 − 4
(
LiA¯iAe−K + h.c.
)
yields the
result given in (3.6).
C. Errata
In this appendix we list errata for references [4] and [5]. In both of these
papers the term:
Lq ∋ −x
2
hρρF
µνDµAˆν + xhµνFµρ
(
DνAˆρ −DρAˆν
)
was inadvertently omitted from the quantum Lagrangian, and graviton-Yang-
Mills ghost mixing was neglected; this will be corrected in [10].
1. Corrections to Ref. 4
a. The D-term is missing from the tree level bosonic Lagrangian [13] in
Eq.(1.8):
1√
g
LB ∋ −1
2
Ref−1ab Gi(T a)ijzjGk(T b)kℓzℓ. (C.1)
b. A factor eG/2 is missing from the last term in the first line of (1.11).
The signs of the last term in the fourth line and the second term of the
last line of the same equation should be changed.
c. Eqs.(2.33) and (2.34) should read, respectively:
dµ → ipµ + G˜νµ ∂
∂pν
≡ ipµ −
∞∑
n=1
n
(n+ 1)!
(dµ1 · · ·dµn−1Gµnµ)
(−i)n∂n
∂pµ1 · · ·∂pµn
, (C.2)
F → Fˆ =
∞∑
n=0
1
n!
(dµ1 · · · dµnF )
(−i)n∂n
∂pµ1 · · ·∂pµn
. (C.3)
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d. Eq.(2.46) should read:
Lauxreg =
1
32π2
Tr
{
2µ2M˜2 ln 2
+
1
2
[
(M˜4 + D˜2M˜2)− 1
2
(e2S2 + [K +Q]2)] ln(2µ20/µ
2)
] }
.
(C.4)
e. The sign of the gauge connection in (2.48), (3.84) and (3.104) is incor-
rect.
f. A term 8D˜µziD˜µz
¯Vi¯ + 8∂
µ∂µs¯Vss¯ is missing from (2.67).
g. Eq. (2.79) should read
K2 = 4
(
D˜µF˜
µρ
)a (
D˜νF˜νρ
)
a
+ 2
(
D˜σF˜µν
)a (
D˜σF˜ µν
)
a
. (C.5)
h. The sign of part of the gaugino connection is incorrect. Eq.(3.84) should
read
(dµ)
b
c = δ
b
c(∂µ + iΓµγ5) + ǫ
b
caA˜
a
µ −
i
2
(1/Ref)baD˜µ(Imfac)γ5, (C.6)
and (3.89) should read
(Lµ)
b
c = −
1
2
(1/Ref)baD˜µ(Imfac) (C.7)
As a consequence of this sign error, there are errors in the ∂µs terms in
the final equations (4.1) and (4.2) of I. The correct result will be given
in [10].
i. The right hand sides of (3.106), (3.107) and (3.112) should be multiplied
by 1
2
.
j. The sign of the right hand side of the last line of (3.91) is incorrect,
and (3.120) should should read:
ZM˜ =


0 0 0
0 0 −(M˜λχ)µν
0 (M˜λχ)µν 0

 . (C.8)
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This sign error modifies the relative coefficients of (3.174) and (3.75)
for the terms containing M˜χλ.
k. A term is missing from (3.133):
(F+µν)
ı¯
¯(F
+µν)¯ı¯ ∋ (fµνfµν)ı¯ı¯. (C.9)
Corresponding terms that were omitted from the final equations of I
will be given in [10].
l. The paragraph after Eq.(3.145) should read:
We also need to expand the remaining terms in (3.19). Only the sec-
ond term, being of order M2, will yield both quadratically and and
logarithmically divergent corrections. The other terms yield only loga-
rithmically divergent terms. Again, after using . . .
m. The signs of Mˆψ in (3.141) and of Mψ, Nψ in (3.149–152) should be
changed; this does not affect the final result.
n. The subscripts a and µ on 6G˜ψλ in Eqs.(3.159) and (3.160) should be
interchanged.
o. The right hand side of (3.165) should read:
ln(γµ∆
µν
θ γν)− ln(−2/ 6p), (C.10)
and the second line of the same equation should read:
− 1
2
Mψ{· · · (C.11)
p. In Eqs.(3.174)–(3.176), Gχλ should be replaced everywhere by Gψλ. In
addition, the subscripts a and σ on (Gψλµν ) in (3.174) should be inter-
changed, the denominator of the second term on the right hand side
of (3.176) should be 48p4, and the left hand side of (3.176) should be
multiplied by 1
4
.
29
q. The last line of (3.192), and the last term in the fourth line of that
equation, should be removed.
2. Corrections to Ref. 5
a. Eqs. (30) and (31) should read, respectively
yαβi = 2kκ
(
Dφ˜i ln e˜
) [
P αβ,δσηγǫ +
1
4κ
ηγαηǫβηδσ
]
TrF˜ǫσF˜γδ,
Kαβ,ǫa = −4κ
[
P αβ,δσηγǫ +
1
4κ
ηγαηǫβηδσ
] [(
D˜σF˜δγ
)
a
− [∇˜, ln e˜]
(
F˜δγ
)
a
]
,
(C.12)
b. The sentence before (44) should read:
Also, −2φˆiηνα(Cµ)αbi(Dˆµ)baAˆaµ = . . .
c. The signs of the CαCα terms in (46) should be changed.
d. There is a ∂µ ln e˜∆µν∂
ν ln e˜ term missing from (53).
e. The last sentence of the paragraph following (53) should read
. . . where N ′ is N without the Ω and C terms . . .
f. The following corrections to (58) should be made:
• Replace 3
4
N
′ab
µν δabη
µν by
(
N − Ω− 1
4
N ′
)ab
µν
δabη
µν .
• Replace −3
2
SaµiSbνjZ ijδabηµν by −
(
2SaµiSbνj − 12S
′a
µiS ′bνj
)
Z ijδabη
µν .
• Replace 1
2
(N ′µνN
′νµ)abδab by
(
[N − Ω]µν [N − Ω]νµ − 12N ′µνN
′νµ
)ab
δab.
• Replace 2N ′µνΩµν by 2(N − Ω)µνΩµν .
g. The text following (58) should read “. . . where S ′ = S + s, and N ′ is
given by N in (46) without the Ω and C2 terms, . . . ”.
h. The second sentence of the Appendix should read “The space-time
metric gµν has the flat limit ηµν = diag(1,−1,−1,−1).”
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i. Replace e by e˜ in the definition of Q, eq. (A1).
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